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[Claim(s)] 

[Claim 1] The input transistor turned on and off according to the inputted switching signal, 
When it has the 1st current Miller circuit where operating state is determined according to 
turning on and off of an input transistor, and a built-in capacitor and the 1st current Miller 
circuit is operating. While charging a capacitor according to the current generated in the 
circuit concerned, when the 1st current Miller circuit is not operating. The current switching 
circuit characterized by providing the capacitor circuit which discharges the capacitor 
concerned, the clamping circuit which clamps the ends electrical potential difference of a 
capacitor to a predetermined value, and the 2nd current Miller circuit which generates the 
output current according to the ends electrical potential difference of the capacitor 
concerned. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Industrial Application] This invention relates to the current switching circuit of a 
semiconductor integrated circuit. 

[ 0002 ] 

[Description of the Prior Art] Drawing 3 is the circuit diagram of the conventional current 
switching circuit. Current Miller circuit is constituted by the transistors Q1 and Q2 of an 
NPN mold. Constant current source IREF prepared for the collector of a transistor Q1 to 
the interior or the exterior of a semiconductor integrated circuit While connecting, the 
collector of the transistor Q3 of an NPN mold is connected. A switching signal VIN is 
introduced into the base of a transistor Q3 at the base. 

[0003] Namely, the output current lOUT which will be taken out from the collector of a 
transistor Q3 if a transistor Q3 follows on turning on and off according to a switching signal 
VIN, current Miller circuit is turned on and off and the condition of a switching signal VIN 
changes Existence changes. 

[0004] 

[Problem(s) to be Solved by the Invention] Now, if a transistor Q3 is rapidly turned on and 
off, it is the output current lOUT. The standup or falling of a switching waveform becomes 
steep. However, depending on an activity application, this will cause a problem on the 
contrary. 

[0005] for example, turning on and off the current which should be supplied to the erase 
head in a floppy disk drive unit — a semiconductor integrated circuit — a part — when a 
current switching circuit is used and the standup or falling of a switching waveform of the 
output current becomes steep too much, the output voltage of a current switching circuit 
becomes momentary very high in an operation of the MAG of the erase head, and there is 
a possibility that a semiconductor integrated circuit may be destroyed as a result. 




[0006] As for the current switching circuit used for such an application, it is desirable for 
the standup or falling of a switching waveform of the output current to be smooth. Then, by 
connecting external components, such as a capacitor, to a semiconductor integrated circuit 
conventionally, it was coped with so that the output current of a current switching circuit 
might not change rapidly. However, since a manufacturing cost becomes high, and the 
capacitor of a comparatively big capacity is needed if the output current is large when 
external components are needed separately, it becomes a problem also when promoting a 
miniaturization. 

[0007] The place which this invention is created under the above-mentioned background, 
and is made into the object is to offer the current switching circuit which can smooth the 
standup or falling of a switching waveform of the output current, without needing special 
external components. 

[0008] 

[Means for Solving the Problem] The input transistor which turns on and off the current 
switching circuit concerning this invention according to the inputted switching signal. When 
it has the 1st current Miller circuit where operating state is determined according to turning 
on and off of an input transistor, and a built-in capacitor and the 1st current Miller circuit is 
operating. While charging a capacitor according to the current generated in the circuit 
concerned, when the 1st current Miller circuit is not operating. It is characterized by 
providing the capacitor circuit which discharges the capacitor concerned, the clamping 
circuit which clamps the ends electrical potential difference of a capacitor to a 
predetermined value, and the 2nd current Miller circuit which generates the output current 
according to the ends electrical potential difference of the capacitor concerned. 

[0009] 

[Function] According to the inputted switching signal, turning on and off of an input 
transistor switches. Simultaneously, the operating state of the 1st current Miller circuit is 
determined. While the 1st current Miller circuit is operating, the capacitor of built-in in a 
capacitor circuit is charged according to the current generated in the circuit concerned. It 
will be clamped by the clamping circuit if the ends electrical potential difference of a 
capacitor becomes a predetermined value. On the other hand, since there is no current 
supplied to a capacitor from the circuit concerned while the 1st current Miller circuit is not 
operating, a capacitor will be in a discharge condition. And the output current according to 
the ends electrical potential difference of a capacitor is generated in the 2nd current Miller 
circuit. Therefore, although the output current turns into a current according to a switching 
signal, even if a switching signal changes rapidly, the output current does not change with 
the time constants of a capacitor circuit steeply. 

[ 0010 ] 

[Example] Hereafter, one example of the current switching circuit concerning this invention 
is explained with reference to a drawing. It is the timing chart of main signals for drawing 1 




to explain the circuit diagram of an example circuit, and for drawing 2 explain circuit 
actuation. 

[0011] The current switching circuits which give and explain an example here are some 
semiconductor integrated circuits which control the head of a floppy disk drive unit, and it 
is used as a circuit for turning on and off the current which should be supplied to the erase 
head. 

[0012] The switching signal VIN inputted into the semiconductor integrated circuit from 
other built-in circuits is introduced into the base of the input transistor Q6 of an PNP mold. 
Therefore, when a switching signal VIN is VL (refer to drawing 2 ), while the input transistor 
Q6 serves as ON, it becomes off at the time of VH (refer to drawing 2 ), and turning on and 
off switches according to a switching signal VIN. The collector output of the input transistor 
Q6 is led to the input side of 1st current Miller circuit alpha explained below. 

[0013] 1st current Miller circuit alpha consists of transistors Q3 and Q4 of an PNP mold. 
The input side of 1st current Miller circuit alpha and the current regulator circuit beta which 
consisted of a constant current source 10 (the magnitude of a current is also expressed as 
10) and transistors Q1 and Q2 of an NPN mold are connected to the collector side of a 
transistor Q3 in more detail. That is, the input current of 1st current Miller circuit alpha is 
supplied in a current regulator circuit beta. 

[0014] The output current II according to the emitter surface ratio [ as opposed to / when 
the input transistor Q6 is OFF, 1st current Miller circuit alpha operates, and / an input 
current ] (here 2) of transistors Q3 and Q4 It is outputted from the collector of a transistor 
Q4. On the other hand, since the base electrical potential difference of transistors Q3 and 
Q4 goes up to the abbreviation supply voltage Vcc when the input transistor Q6 is ON, 1st 
current Miller circuit alpha does not operate, but it is the output current II . Magnitude is set 
to 0. Namely, as for 1st current Miller circuit alpha, operating state is determined according 
to turning on and off of the input transistor Q6. 

[0015] Capacitor circuit gamma is connected to the output stage of 1st current Miller circuit 
alpha. Capacitor circuit gamma consists of Capacitors C (capacity is also expressed as C) 
and the transistors Q5 of built-in in a semiconductor integrated circuit. Since it is carried 
out to the base of transistors Q1 and Q2 in common, the base of a transistor Q5 is the 
emitter current 12 of a transistor Q5. Regardless of actuation of 1st current Miller circuit 
alpha, it becomes fixed. 

[0016] the time of 1st current Miller circuit alpha operating, as for capacitor circuit gamma 

— the output current II from — emitter current 12 the time of 1st current Miller circuit alpha 
not operating, while charging Capacitor C according to the deducted current (an ends 
electrical potential difference is set to Vc) — the output current II Since it is 0, Capacitor C 
is discharged, in addition, the discharge current of Capacitor C — a transistor Q5 — minding 

— the earth side — flowing — this magnitude — emitter current 12 abbreviation — it is equal. 
[0017] Clamping circuit epsilon is connected to the output stage of capacitor circuit gamma. 




Clamping circuit epsilon consists of the transistor Q8 of an PNP mold, a transistor Q9 of an 
NPN mold, resistance R1, and a source VREF of a constant voltage (this electrical 
potential difference is also expressed as VREF). Since the emitter interbase voltage of a 
transistor Q8 and the electrical potential difference between base emitters of a transistor 
Q9 are equal, the ends electrical potential difference Vc of Capacitor C is VREF. When 
small, while transistors Q8 and Q9 all become off, the ends electrical potential difference 
Vc of Capacitor C is VREF. When large, transistors Q8 and Q9 all serve as ON. 
Consequently, the output voltage Vc of Capacitor C is VREF. It is clamped. 

[0018] 2nd [ besides clamping circuit epsilon ] current Miller circuit delta is connected to 
the output stage of capacitor circuit gamma. 2nd current Miller circuit delta consists of 
transistors Q7, Q10-Q15 of an PNP mold, and resistance R2. The ends electrical potential 
difference Vc of Capacitor C is introduced into the base of a transistor Q7, and the emitter 
current proportional to the ends electrical potential difference Vc flows. For this emitter 
current, the current which sequential magnification was carried out [ the current ] by the 
current Miller circuit which consists of transistors Q13 and Q14, the current Miller circuit 
which consists of transistors Q11 and Q10, and the transistor Q12, and was amplified is 
the output current lOUT. It is outputted by carrying out. That is, 2nd current Miller circuit 
delta is the output current lOUT proportional to the charge electrical potential difference Vc 
of Capacitor C. It generates. 

[0019] In addition, in this example, the output current lOUT is supplied to the erase head of 
a floppy disk drive unit. 

[0020] Next, actuation of a current switching circuit is explained with reference to drawing 
2 . The switching waveform of a switching signal VIN is shown in the drawing 2 Nakagami 
stage, a switching signal VIN — VL from — VH if it starts — 1st current Miller circuit alpha -- 
operating -- future — the output current II It is outputted. 

[0021] In addition, current 10 It is set to emitter current 12 =10 / 10= ImicroA of output 
current II =10 / 5= 2microA, and a transistor Q6, when it is referred to as lOmicroA and 
emitter surface ratio of transistors Q2, Q2, and Q6 is set to 10:1:1. 

[0022] Capacitor C -- the output current II from — a current to emitter current 12 The 
deducted current flows. Capacitor C is charged by this, and the ends electrical potential 
difference Vc of Capacitor C rises with the inclination of (11-12) / C. However, the ends 
electrical potential difference Vc is VREF by clamping circuit epsilon. It is clamped. Build 
up time tr It is expressed with C-VREF/(I1-I2). 

[0023] then, the switching signal VIN — VH from — VL if it falls — 1st current Miller circuit 
alpha — not operating — the output current II It is set to 0. Therefore, discharge of 
Capacitor C begins, and the ends electrical potential difference Vc of Capacitor C 
descends with the inclination of 12 / C, and falls to about OV. Falling time amount tf C-VREF 
/ 12 It is expressed, therefore, the wave of the ends electrical potential difference Vc of 
Capacitor C — drawing 2 — it becomes as shown in the middle. 




[0024] On the other hand, it is changed into a current by 2nd current Miller circuit delta, 
and the ends electrical potential difference Vc of Capacitor C is the output current lOUT. 
Abbreviation etc. is by making it Vc/R2, and it becomes a current. Output current lOUT A 
wave becomes as it is shown in the drawing 2 lower berth, and a standup or falling 
becomes very smooth. So, it is prevented beforehand that the output voltage of a current 
switching circuit becomes high momentarily according to an operation of the MAG of the 
erase head in a floppy disk drive unit, and a possibility that a semiconductor integrated 
circuit may be destroyed is also lost. 

[0025] Moreover, build up time tr and falling time amount tf If it is set as both 20 
microseconds, at the time of VREF =1V, the capacity value of Capacitor C will be set to 
20pF, and will become a semiconductor integrated circuit with a built-in possible value 
enough. 

[0026] Furthermore, the need is accepted and they are lO and VREF. If the temperature 
characteristic of Capacitor C is made good, resistance R2 is made external and it is made 
the good thing of the temperature characteristic after designing so that it may become 
fixed to temperature, it is the output current lOUT. Magnitude does not change a lot to a 
temperature change. Moreover, if external resistance R2 is made adjustable, it is the 
output current lOUT. Magnitude is also made to adjustable and they are build up time tr 
and the falling time amount tf. It can be mostly made regularity. 

[0027] 

[Effect of the Invention] As mentioned above, the current switching circuit concerning this 
invention can smooth the standup or falling of a switching waveform of the output current 
on circuitry. And since the capacitor of a big capacity does not need, this can be 
considered as built-in at a semiconductor integrated circuit. So, special external 
components are not needed, but a cost cut can be aimed at, and when promoting the 
miniaturization of the whole equipment, there is a merit. 

[Brief Description of the Drawings] 

[Drawing 11 It is drawing for explaining one example of the current switching circuit 
concerning this invention, and is the circuit diagram of an example circuit. 

[Drawing 21 It is the timing chart of the main signals for explaining circuit actuation. 
[Drawing 31 It is a circuit diagram for explaining the conventional current switching circuit. 
[Description of Notations] 

Q6 Input transistor 

alpha Current Miller circuit [ of ** a 1st ] alpha 
beta Constant current source circuit 
gamma Capacitor circuit 
C Capacitor 

epsilon Clamping circuit 
delta 2nd current Miller circuit 




